Background: The use of antibiotics is considered a major determinant of the development of resistance in organisms. This study assessed current patterns of antibiotic prescription and provides background for quality improvement in general hospitals in Hubei, China. Methods: A point-prevalence study was performed in November 2008. All inpatients on the day of the survey were included in the analysis. Results: On the day of the study, 6904 patients (56%) were receiving antibiotic therapy; the highest rate occurred in the ICU (90%), and the lowest occurred in the medical wards (39%). The most commonly used antibiotics were ␤-lactam antibiotics, including cephalosporins (40%) and piperacillin (19%), followed by fluoroquinolones (14%). Conclusions: Our data indicated a high rate of antibiotic use in Chinese hospitals. These findings suggest important areas for intervention and the implementation of antibiotic stewardship policies in Chinese hospitals. A multi-faceted strategy should be implemented at the national level in China and should include education, regulation, and greater financial support from the government.
Introduction
Antibiotic resistance is increasingly prevalent throughout the world [1, 2] . The universal evolution of antibiotic resistance poses a serious threat to the health of patients because as it results in increased morbidity and mortality [1, 3, 4] . Moreover, very few new antibiotics that have interfered with this alarming trend have become available within the last three decades. Therefore, there is an urgent need to preserve the currently available drugs.
The use of antibiotics is considered a major determinant of the development of resistance [5] . Unfortunately, inappropriate antibiotic use has become a serious public health concern all over the world [6, 7] . The misuse of antibiotics, e.g., excessive and inappropriate antibiotic use, might result in a minimization of the 'lifespan' of antibiotic drugs and therefore limit available treatment options. Hence, reducing unnecessary antibiotic use is a public health priority all across the world and has been taken examined in recent years by the many governments, including the Ministry of Health of the P.R. China. Situations of inappropriate antibiotic use and the rates of antibiotic resistance are growing rapidly from already high levels in China [8] [9] [10] [11] .
Surveillance of antimicrobial use in hospitals is important for identifying prescribing trends to identify areas for improvement. Point prevalence surveys are a practical surveillance tool for providing information about antimicrobial use and for assessing the effects of interventions such as antibiotic policies.
In this study, we present the results of a largescale survey that was conducted in November 2008 in Hubei Province, China. The objectives of this research were to describe current patterns of antibiotic prescription and to discuss strategies for improving the current situation using our results as a background.
Materials and methods

Hospitals
This point prevalence survey of antibiotic use was conducted at hospitals in Hubei Province in November 2008 and was initiated by the Surveillance Centre of healthcare-associated infections (HAI) of Hubei Province. There are 48 Grade Three Class A general hospitals in Hubei Province, and 13 of these were voluntarily involved in the survey; these hospitals were located in Wuhan, Shiyan, Yichang, Xiangyang, Xiaogan, Jingzhou, and Jingmen in Hubei Province. In the Chinese health system, hospitals are subdivided according to size; i.e., grade One (1-100 beds), grade Two (101-500 beds), and grade Three (>501 beds). Grade One and Two hospitals primarily provide basic services and health protection, whereas grade Three hospitals are referral centers for additional care and involve medical teaching and research. Hospitals in each grade are then divided into three classes, i.e., the A class hospitals are the best, the B class are better, and the C class hospitals are general, according to medical standards, hospital management, availability of certain equipment and whether medical research is performed [12] . In total, there were 5 university-affiliated hospitals and 8 regional hospitals, and more than 13,000 sickbeds for adults and children in these 13 hospitals (the numbers of sickbeds ranged from 501 to 2000). These hospitals admitted approximately 330,000 patients per year. These hospitals all provide acute and general medical and surgical services and are the top general hospitals within the local region. The clinical departments were divided into the following 5 groups: departments of internal medicine (comprising respiratory, gastroenterology, cardiology, endocrinology, hepatology, nephrology, hematology, and neurology), departments of surgery (comprising general surgery, cardiac and cerebral surgery, neurosurgery, orthopedics, urology, plastic and burn, oncology, obstetrics and gynecology), pediatrics, ICUs and others (comprising Chinese traditional medicine, dentistry, ears, nose and throat [ENT] medicine, ophthalmology and dermatology).
Data collection
The point prevalence surveys were conducted by the teams consisting of an infection control professional and 2-3 veteran clinical physicians, who collected specific information regarding the patients who were in the hospitals at 08:00 on the day of the survey. During the point prevalence survey, which lasted for 1-2 days, the team members visited patients and reviewed their medical records in the wards. The team members were captained by the infection control professionals who controlled the quality of the data. The required data were gathered by reviewing the patients' case notes and prescribing charts. The data collected included details about the numbers of inpatients in each department, the patients' ages, the antimicrobial agents used, the routes of administration, and the indications for therapy. Each team performed surveys on 3-4 wards. All of these infection control professional staff was trained for more than 16 h at the Surveillance Centre of HAI of Hubei Province two weeks before the surveys, and all of the team members of each hospital performed survey skill exercises for over 8 h prior to the surveys. All surveys were guided by the directors of the departments of hospital infection control within these hospitals, and the directors were also responsible for providing methodological assistance. This study was reviewed and approved by the Ethics and Health Research Review Committee of Taihe Hospital, Hubei University of Medicine.
Statistical analyses
We used frequency, percentage and 95% confidence intervals (CIs) to describe the proportions of patients who received antibacterials. Between group differences were considered significant when the p-value was below 0.05 (two-tailed) based on the chi-square test. The statistical analyses were performed with SPSS version 13.0.
Results
Study population
A total of 12,409 patients were included in the 13 hospitals in 2008. Six thousand nine hundred and four (56%) were treated with antibiotics, of whom, 3873 (56%) were male, and 3031 (44%) were female. The median age was 44 years (Table 1) .
Antibiotic use
On the day of the study, 6904 patients (56%) received antimicrobial treatment, and there were significant differences in prevalence across the 13 hospitals, which ranged from 38% to 66% ( 2 = 327.33, p < 0.0001). The university hospitals (3960/6588, 60%) exhibited higher rates of antibiotic use than did the regional hospitals (2944/5821, 51%), and this difference was statistically significant ( 2 = 113.80, p < 0.0001). The treated patients received a total of 8682 antibiotics. Of these patients, 5263 (76%) patients used one antibiotic, 1478 (21%) patients took two, and 163 (2%) patients took three or more. The patients in the ICUs (60 [90%]) were more likely to receive antibiotics than were the patients in the pediatric wards (605 [78%]), surgical wards (3121 [55%]), or medical wards (1870 [39%]) ( 2 = 561.28, p < 0.0001). Six thousand two hundred and ninety-three patients (72%) used antimicrobial agents to treat infections, and 2289 (28%) used them prophylactics (Table 1) . Of the total prescribed antibiotics, 55% were prescribed in the surgical departments, followed by 27%, 11%, 6%, and 1% in the medical, other, pediatrics, and ICU, departments, respectively ( Table 2) .
Routes of administration
In this survey, a relatively higher usage (n = 8514, 98%) of parenteral antibiotics was observed compared to oral antibiotic use (n = 168, 2%); Variations in the use of parenteral vs. oral antibiotics were observed in the studied hospitals (Table 1) .
Antibiotics prescribed
The most commonly used antibiotics were ␤-lactam antibiotics, including cephalosporins (3495, 40%), piperacillin (1622, 19%) and other ␤-lactam antibiotics (414, 5%). The usages of first-generation cephalosporins, second-generation cephalosporins, third-generation cephalosporins, and fourth-generation cephalosporins were 3%, 6%, 26% and 4%, respectively. The other most widely prescribed antibiotics were fluoroquinolones (1216, 14%) and metronidazole (805, 9%). Cephalosporin and penicillin were the antibiotics that were most frequently used in the surgical, pediatric and ICU wards. Moreover, cephalosporin and fluoroquinolones were the most frequently used in the medical wards. Different trends in antibiotic use were observed across the specialities that were studied ( Table 2) .
Discussion
Point prevalence surveys might be beneficial for optimizing antibiotic therapy, monitoring the effectiveness of antibiotic policies and providing useful data on patterns of antibiotic use; thus, such studies inform and guiding local and national antibiotic stewardship. We conducted this large-scale point prevalence survey of antimicrobial use at the patient level in hospitals in the Hubei Province. This study provides insight into antimicrobial prescription practices in the middle area of China. Although antibiotic resistance is a worldwide concern, it is primarily a local problem because the spread of resistant microorganisms occurs in individual hospitals and communities [13] . The objectives of this research were first to describe the current patterns of antibiotic prescribing in Grade Three Class A hospitals in the middle area of China and second Oral  3  3  5  24  9  2  7  16  14  1  17  39  28  168  Parenteral  184  565  311  447  771  408  1384  281  585  742  633  1086  1117  8514  Indication  Infection  154  495  213  344  628  336  966  181  416  495  475  1010  680  6393  Prophylaxis  33  73  103  127  152  74  425  116  183  248  175  115  465  2289  Indication for prophylaxis  Medical  22  65  89  94  94  61  314  68  187  220  151  28  341  1734  Surgical  31  52  75  109  149  57  365  117  106  176  129  156  402  1924  Indication for infection  Community-acquired 116  426  116  240  493  272  663  83  264  330  335  900  354 to determine targets for improving the quality of antibiotic prescribing in these hospitals. In our survey, the point prevalence of antibiotic use in the 13 hospitals was 56%, which is higher than the prevalence reported in previous studies that were conducted in European countries (ranging from 29% to 43.9%) [14] [15] [16] [17] [18] . Similar to another survey, the intensive care department exhibited the highest proportion of treated patients who often received more than one agent [18] . The reason for this finding is that the indication for infection was more frequently included in these patients' notes (73.6%), and the rate of such indications was lower than that found in the ESAC PPS 2009 survey (80.8%) [18] . The high prevalence of antibiotic use in hospitalized patients might be related to specific factors. Therefore, strengthening the training of medical staff is an obvious and important step toward the rational use of antimicrobial drugs. However, education alone will is not sufficient. In the health system of China, state financing only accounts for approximately 25-30% of the total costs [19] . Inevitably, through the poor compensation of doctors and the expectation that hospitals support themselves largely through drug sales, government policies have encouraged the over-prescription of expensive drugs and have discouraged quality assessment and improvement exercises [20] . Understandably, physicians might overprescribe if they view such practices as feasible path by which to ensure their own economic benefit. Sales profits form a major portion of hospital incomes; thus, national guidance about the use of antibiotics has generally been fragmentary and incomplete [9] . An audit study suggested that antibiotic abuse in China is not driven by patients actively demanding antibiotics but is rather a supply-side phenomenon [21] .
In the present study, the most commonly used antibiotics were ␤-lactam antibiotics, including cephalosporins and piperacillin, followed by fluoroquinolones, and metronidazole. This pattern of antibiotic use is different than those reported in other studies [15, 16, 22] . In a large European study, penicillins with ␤-lactamase inhibitors (24%) were the most common type of prescribed antibiotic followed by macrolides (15%), fluoroquinolones (11%) and third-generation cephalosporins (10%) [15] . A study conducted in 130 US hospitals from August 2002 to July 2003 found that the top 5 antimicrobial agents or classes used in adult inpatients were levofloxacin, cefazolin, ceftriaxone, metronidazole, and vancomycin [22] . In this survey, the broad-spectrum antibiotics were the most commonly prescribed agents, and this result is similar to the results of a survey conducted in Vietnam [23] . The reason for these similarities might be that physicians fear inadequate antibiotic coverage. Moreover, the variations in the patterns of antibiotic use between the surveyed hospitals might be related to regional diversity in the degrees of bacterial resistance, the levels of guideline implementation, the extents of empirical treatment and prescription habits.
A relatively high usage (98%) of parenteral antibiotics was observed in the present study. In contrast, only 33% of the antibiotics were prescribed for IV administration in four Ireland regional/general hospitals, [16] and the web-based ESAC Point Prevalence Survey of 2009 found that a mean of 60.5% of antimicrobials were administered via the parenteral route [18] . There are numerous benefits associated with timely conversion from intravenous to oral therapy [24] . However, many Chinese patients and even some physicians strongly believe that intravenous therapy is superior and more effective than oral administration [9, 25] . Furthermore, the overuse of injections might lead to consequent increases the risks posed by unsafe needles and the medical staff's occupational exposure, which can increase the risk of transmission of bloodborne diseases [26] . In one trial, physicians were found to have mostly changed their minds to accord with the advice of pharmacists on this issue, which has improved the situation [27] .
In China, inappropriate antibiotic use has become a major public health issue that is contributing to the rapidly rising rates of antibiotic resistance, which are already at high levels [28] . Although this serious problem has been fully recognized, and many policies have been put in place by the government, these policies require strict adherence, and the changes are more effective and sustained only when coupled with constant reminders that are implemented in the course of regular clinical work [29] . A study conducted in China revealed that pharmacist interventions that interact directly with the physicians at the ward level might play an important role in optimizing antibiotic use and thus lead to reductions in the patients' lengths of hospital stay and health care costs [27] .
In the new round of health care reform that China initiated in 2009, the Chinese government pledged to increase investment in hospitals, abolish the 15% cap on profits that paradoxically increases both the unit price paid and volume of unnecessary antibiotics prescribed, and continue to strengthen the management of antimicrobial drugs. The new medical reform policy is being implemented step by step, and further studies are required to identify its effects.
This study has several limitations. First, we were regrettably unable to assess whether appropriate antibiotic usages were applied to each patient due to the burdens of the surveys. Second, because hospital participation was exclusively voluntary, the survey was not intended to be representative. There is a clear need to replicate this work in all types of hospitals and in other parts of China.
Despite the aforementioned limitations, our study provides insight into the prevalence of antibiotic use in the Hubei Province of China and revealed some differences in the patterns of antibiotic compared to previous results. The findings of the present study highlight the importance of considering the monitoring of antibiotic agents and the value of antibiotic policies in restricting the use of antibiotic agents. A multi-faceted strategy that encompasses education, regulation, and increased financial support is needed at the national level in China.
In conclusion, this study indicated a high rate of antibiotic use in Chinese hospitals. These findings suggest important areas for interventions and the implementation of antibiotic stewardship policies in Chinese hospitals. A multi-faceted strategy should be implemented at the national level in China and should include education, regulation, and increased financial support from the government.
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